The electrochemical behavior when the liquid-liquid interface was modified by commercially available, microporous silicon nitride membrane, was achieved using cyclic voltammetry with tetramethyl ammonium. The transfer characteristics of the ionizable drug diclofenac (DCF − ), as an anti-inflammatory, anti-rheumatic, antipyretic, and analgesic treatment in common use in biomedical applications, were also investigated across microporous silicon nitride-modified liquid interface. Thus, some thermodynamic variables for DCF − , such as the standard Gibbs energy of transfer, the standard transfer potential and lipophilicity were estimated. Furthermore, the influence of possible interfering substances (ascorbic acid, sugar, amino acid, urea, and metal ions) on the detection of DCF − was investigated. An electrochemical DCF sensor is investigated using differential pulse voltammetry (DPV) as the quantification technique, a linear range of 8-56 µM and a limit of detection of 1.5 µM was possible due to the miniaturized interfaces formed within silicon nitride.
Introduction
Ion transfer via the liquid-liquid interface or the interface between two immiscible electrolyte solutions (ITIES) has been of growing attention in several chemical and biological applications, such as the behavior of drugs, membrane transport, and electrochemical liquid-liquid extraction [1, 2] . The utilization of electrochemical sensing platforms can be a solution for an on-line detection without the need of sample extraction. Moreover, miniaturized sensing platforms offer several benefits over their macro counterparts [3] . Electrochemical sensors based on micro-interfaces between two immiscible electrolyte solutions (µITIES) have been developed in recent years [4, 5] . To date, two methods to product liquid-liquid micro-interface have been reported [6, 7] . The first is based on the use of micro-pipettes that the interface is formed at the tip of a pulled glass pipette [7, 8] . The second is based on an inert membrane containing arrays of micron-sized pores or holes, with centers between the aqueous and organic phases [6, 9] . Several studies have reported the advantages of using micro-interface arrays created on an inert membrane. Diverse membrane fabrication materials have been investigated, such as polymers (polyimide, polyester, polyethylene terephthalate (PET), and cellulose) [10] [11] [12] [13] and silicon [6, 14] . Several research attempts have been efforted on developing ion selective sensors for organic, inorganic, and biological species in addition to theoretical methods to clarify charge transfer reactions and develop new patterns [15, 16] . However, Most ITIES studies on ionizable drugs clarify charge transfer reactions and develop new patterns [15, 16] . However, Most ITIES studies on ionizable drugs have focused on understanding the lipophilicity for pharmacological drugs through voltammetric investigations via a polarized ITIES [17, 18] . Despite several works published for electrochemical studies of ion transfer responses of various drugs across the ITIES [19] [20] [21] , much fewer reports have been represented for the design of liquid-liquid interface as a sensing platform for the detection of drugs, including ractopamine [22] , daunorubicin [23] , α1-acid-glycoprotein [24] , and propranolol [25] . We present here a novel sensing platform based on an array of microporous able to detect ionic species in a biological fluid. This sensor brings benefit of the possibility to polarise the interface constructed between the aqueous and organic phases. We have selected diclofenac as a model analyte (see Figure 1 ). This drug belongs to a nonsteroidal anti-inflammatory drug (NSAID) group, which is typically utilized for the treatment of chronic diseases and as it uses to relieve symptoms of arthritis, swelling, and stiffness [26] . However, DCF has been found to cause increasing blood pressure in patients with diabetes mellitus and Shy-Drager syndrome. In addition, it may cause life-threatening heart or circulation problems such as a heart attack and stroke, particularly when the patient uses it long term [27] . Thus, it is essential to develop a fast and sensitive method of DCF detection in biological and pharmaceutical applications. To date, several methods have been harnessed for the determination of DCF, such as liquid chromatography [27, 28] , gas chromatography [29, 30] , spectrophotometry [31, 32] , spectrofluorimetry [33] , mass spectrometry [34] , colorimetry [35] , and voltammetry [36, 37] in biological samples. Electrochemical methods have recently attracted more attention due to their fast response, accuracy, lower cost, sensitivity, simplicity, and high dynamic range compared to other methods for environmental, pharmaceutical, and biological applications [38] [39] [40] [41] . Although several electrochemical approaches have been advanced, most of those reports were based on solid-liquid interfaces by the modification of electrodes with catalytic materials such as modified nickel electrodes [42] , carbon nanotubes [43, 44] , Fe O nanoparticles [45] , and a tyrosine-modified carbon paste electrode [46] . Although higher sensitivity and lower overpotentials could be achieved, extra actions to immobilize the catalytic material on the electrode can be arduous [47] . To the best of our knowledge, diclofenac has not been studied by ion transfer voltammetry at micro-ITIES. Therefore, this study opens the opportunities for the electrochemical behavior of anion diclofenac transfer across ITIES a water-1,6-dichlorohexane system using cyclic voltammetry (CV) for the first time. The analytical parameters for the transfer of ionizable diclofenac and the impact of the potentially interfering substances to DCF detection is also discussed. We present also the characterization of the silicon nitride microporous system by scanning electron microscopy (SEM) and cyclic voltammetry (CV) of tetramethyl ammonium (TMA+). This model analyte has been utilized widely in the characterization of ITIES, as it offers rapid and mechanistically simple transfers in these systems [5] . The array is then used for the detection of diclofenac by differential pulse voltammetry (DPV). 
Experimental

Materials
All reagents used were obtained from Sigma Malaysia and used as received unless otherwise specified. Potassium phosphate mono basic (KH 2 PO 4 ), D -glucose, potassium chloride (KCl), sodium sulphate Na 2 SO 4 , and glycine were purchased from HmbG chemical. Sodium chloride (NaCl) and L -ascorbic acid were purchased from Fisher Scientific Chemical, Selangor, Malaysia. Urea from BDH Laboratory Supplies, Malaysia. 1,6-dichlorohexane solvent (1,6-DCH) 98% from Sigma-Aldrich, Selangor, Malaysia and was purified according to a procedure described elsewhere [48] .
10 mM lithium chloride (LiCl), as electrolyte salt for the aqueous phase, was prepared in ultrapure water (resistivity of 18.2 MΩ cm) from arium ® pro-Ultrapure Water Systems (Sartorius, Kuala Lumpur, Malaysia). An electrolyte salt of the organic phase was synthesized by metathesis of potassium tetrakis(4-chlorophenyl) borate (KTPBCl) and bis(triphenylphosphoranylidene) ammonium chloride (BTPPACl). The organic phase was prepared by dissolving 10 mM of the supporting electrolyte (10 mM BTPPATPBCl) in 1,6-dichlorohexane solvent (1,6-DCH) solvent. Pre-saturated mutually was achieved before the experiments for both the aqueous and organic phase solvents. The organic reference solution was composed from 1.0 mM BTPPACl dissolved in aqueous 10 mM LiCl. Diclofenac sodium and tetramethylammonium chloride (TMACl) as analyte species were employed as drug and model ions, respectively, their stock solutions were prepared in 10mM LiCl aqueous solution. In the interfering substances study, the selected substances were prepared in phosphate-buffered saline (1 mM PBS) with 13.7 mM NaCl and 0.27 mM potassium chloride (KCl) as the supporting electrolyte. L -ascorbic acid, D -Glucose, Na 2 SO 4 , KCl, NaCl, urea, and glycine (5.0 mM) were used as models of the interfering substances.
Setup of the ITIES
The microporous silicon nitride (Si 3 N 4 ) membrane (DuraSiN TM ) was used to modify microscale-ITIES arrays (Electron Microscopy Science, Industry Road, Hatfield, PA, USA). Micropores are showed in Figure 2a ,b, with 2500 pores, 1.25 ± 0.04 µm radius (r a ), 100 µm thick silicon membrane and pore center-to-center separation (r c ) of 10.12 ± 0.16 µm times pore radius, r a (i.e., r c = 10.12 r a ) in a cube close-packed (CCP) arrangement. The silicon chip was sealed onto the lower orifice of a cylindrical glass tube using silicone rubber sealant (Selleys, Selangor, Malaysia) and left to dry for 3 days before use. Acetone solvent was used to clean the membrane before and after each electrochemical experiment, and it was l eft in air to dry. All experiments were carried out at room temperature (25 • C). where x represents the concentration of diclofenac in the aqueous phase. In each electrochemical cell, the TMA + model ion, as a control of the potential axis, was added after the final DCF or interferent addition in each the experiments. The CVs of background electrolytes at 10 mV s −1 was recorded to limit the range of the potential window before the addition of analyte to the aqueous phase.
Results and Discussion
SEM Characterization of Microporous Silicon Nitride Membrane
SEM images in Figure 2a ,b show microporous silicon nitride membrane with pore sizes of with the positions of pores relative to each other in a cubic close-packed (CCP) arrangement. The pore radius is approximately 1.25 ± 0.04 µm, in this case to avoid diffusion zone overlap, the pore centerto-center distances should at least 25.0 µm. Therefore, diffusion zone overlap is predictable to happen and contribute to the voltammogram shape resulted on the forward scan. 
Electrochemical Characterization of Ion Transfer via Microscale-ITIES Array
The microporous Si3N4 membrane was electrochemically characterized by studying the ion transfer of tetramethylammonium ion (TMA + ) as a reference and model ion using cyclic voltammetry (CV). A sequence of CVs of the background electrolyte transfer was carried out before the addition 
Electrochemical Procedure of the Microscale Interface
All experiments were carried out using a potentiostat Autolab (PGSTAT101, Metrohm Autolab, Selangor, Malaysia) with Nova 1.1 software. Differential pulse voltammetry (DPV) parameters were as follows: step potential = 5 mV, pulse amplitude = 25 mV, and scan rate = 10 mV s −1 . The membrane-modified water/1,6-DCH interface was polarized operating a three-electrode cell as previously reported to compensate the resistance related with the organic phase and the membrane [5, 48] with silver/silver chloride (Ag/AgCl) electrode with an internal solution of 3 M NaCl acting as a reference and counter electrode in the aqueous phase of the membrane and Ag/AgCl electrode as a reference electrode and platinum mesh (Pt) as a counter electrode in the organic phase. The cell used was placed in a Faraday cage to minimize electrical noise. The cylindrical glass tube with the membrane contained 500 µL of the aqueous phase, and then immersed in glass beaker 10 mL, which contained 1.0 mL of the organic phase and 2 mL of the organic reference solution. The surface morphology of microporous membrane was characterized via Field-emission scanning electron microscope with FESEM (JEOL JSM-7600F). The scheme for electrochemical cells used in this study is summarized as follows: where x represents the concentration of diclofenac in the aqueous phase. In each electrochemical cell, the TMA + model ion, as a control of the potential axis, was added after the final DCF or interferent addition in each the experiments. The CVs of background electrolytes at 10 mV s −1 was recorded to limit the range of the potential window before the addition of analyte to the aqueous phase.
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Electrochemical Characterization of Ion Transfer via Microscale-ITIES Array
The microporous Si3N4 membrane was electrochemically characterized by studying the ion transfer of tetramethylammonium ion (TMA + ) as a reference and model ion using cyclic voltammetry where x represents the concentration of diclofenac in the aqueous phase. In each electrochemical cell, the TMA + model ion, as a control of the potential axis, was added after the final DCF or interferent addition in each the experiments. The CVs of background electrolytes at 10 mV s −1 was recorded to limit the range of the potential window before the addition of analyte to the aqueous phase.
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Electrochemical Characterization of Ion Transfer via Microscale-ITIES Array
The microporous Si 3 N 4 membrane was electrochemically characterized by studying the ion transfer of tetramethylammonium ion (TMA + ) as a reference and model ion using cyclic voltammetry (CV). A sequence of CVs of the background electrolyte transfer was carried out before the addition of the model ion to determine the range of potential window. Concentrations of TMACl in aqueous phase were varied in the range of 20, 40, 60, 80, and 100 µM at scan rate 10 mV/s, thus, calibration curves correlating currents (in the forward and reverse scans) with the concentration of transferring ions, TMA + are produced. The ion transfer process here was assumed to be diffusion controlled. The shape and magnitude of the voltammetric responses and the current observed, respectively, are affected by several parameters, including: the diffusion regime shape, the geometric properties of the pores and the interface location between two phases, l [6] . Voltammetry response of the Si 3 N 4 membrane to TMA + concentrations added in the aqueous phase ( Figure 3a ) displayed asymmetrical behavior. The resulting voltammogram from the transfer of TMA + from aqueous to the organic phase (the forward scan), exhibited a combination of the peak and steady-state behavior, whereas peak behavior was observed from the ions transferred back of the TMA + from the organic to the aqueous phase (the reverse scan). The potential steady state scan and the potential peak were observed at approximately 0.72 and 0.65 V for the forward and the reverse scans, respectively. These voltammograms ( Figure 3a ) appeared a contribution of linear and radial diffusion control on the forward scan, while in the reverse scan, a linear diffusion control was dominated. Figure 3b represents the linear relationship resulting between the experimental currents obtained (forward and reverse scans) and increased concentrations of TMA. Based on a recent computer simulation, steady-state properties can still be achieved even in instances where the array rims are controlled by radial diffusion regardless of the linear diffusion within the arrays (wherein diffusion zones overlap exist) [49] . In an earlier study by Amatore and co-workers [50] , a combination of peak and steady-state behavior on the forward scan was reported, where ion transfer process may occur by both linear and radial diffusion at partially opened surfaces. The transition from an individual diffusion fields (radial diffusion) to diffusion fields overlap (linear diffusion) causes a change at the voltammetric response from steady state to peak behavior [50, 51] . Previously study by Scanlon et al. [52] established that micro-arrays with smaller pore center-to-center distances had higher diffusion zone overlap at adjacent interfaces in the array, and thus little flux and current values. If rc > 20ra, diffusion zone overlap will lead to independent diffusion to each interface. In this study, the radius of the pore orifice is approximately 1.25 ± 0.04 µm, hence the pore center-to-center separations should at least 25.0 µm to avoid diffusion zone overlap. Since the interpore distance is only 12.65 ± 0.13 µm, diffusion zone overlap is expected to occur and contribute to the voltammogram shape observed on the forward scan. Additionally, the observed behavior of the voltammograms can be attributed to the location of the liquid-liquid interface in the pore. Silicon nitride, Si 3 N 4 , by virtue of its chemical composition is hydrophobic, the contact angles for water and DCH is about the same on as-received Si 3 N 4 membrane in the range 60-80 • [53] [54] [55] . Thus, the filling procedure could play an important role for the determination of kinetic parameters from the electrochemical measurements at a liquid-liquid micro-interface. Regarding inlaid configuration, the planar interface at pore orifices on aqueous membranous sides without shielding impact from adjacent pore walls. In contrast, a recessed pore could range between 0%, so, the organic phase fills the pore where interface locates on aqueous side and 100% where the aqueous phase fills the pore and interfaces at the mouth of the pore on organic sides [6] . Voltammograms of the modified micro-interface in Figure 3a display that the interface between two phases is placed within of the pore channel from of the aqueous phase side, although it may be either inlaid or recessed interfaces. Therefore, the experimental currents obtained are compared with the theoretical currents in the case inlaid and recessed interfaces. In case, a steady-state current (radial diffusion control) had been achieved [22, 51] , thus, the limiting current is defined as for an inlaid disc microelectrode (Equation (1))
where (n) represents the charge of the transporting ion species, (D) the diffusion coefficient, (F) the constant of Faraday, (r) the radius of the pore and (C) the bulk concentration of the transporting species. Thus, the experimental limiting current obtained was approximately 1.8 × 10 −7 A, while the value calculated of limiting current (Equation (1)) by using the diffusion coefficient published of the TMA + (8.96 × 10 −6 cm 2 s −1 ) [5] was 2.16 × 10 −5 A. The total limiting current is the product of the current per pore and the number of pores. In the case, the interface was located at the opening of the pore on the organic side of the membrane and the aqueous phase fills the micropores, then microporous membrane used will behave as a recessed interface for the transferring species from the aqueous phase to the organic phase. Therefore, the limiting current can be calculated at such a recessed micro-ITIES by (Equation (2)) [5, 51] I lim = 4πnFDCr 2 4L + πr
Chemosensors 2020, 8, 11 6 of 16 where L is the recess depth and other parameters have their previous meanings. Thus, the limiting experimental current, 2.1 × 10 −7 A was in good agreement with the calculated current, 1.8 × 10 −7 A from Equation (2), in the case, the ITIES is assumed to be fully recessed with respect to the aqueous phase. It is most probably that the interface is existed somewhere within the pore channel. Since the experimental peak current for the forward scan is less strong than that for the reverse scan. However, the slightly lower experimental current values may be due to diffusion zone overlap, i.e., interfaces not located at the pore mouth but within the pore length.
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Electrochemical Characterization of Diclofenac at the Microscale-ITIES Array
Ion transfer process of diclofenac anion (DCF ) was characterized using CV at the microporous membrane-supported water/1,2-DCE interface system. Figure 4a shows the background-subtracted voltammograms of DCF ions transfer at concentrations range of 20 to 100 µM increment of 20 µM. The positive and negative limits represent background electrolytes transfer from the aqueous phase to 1,6-DCH, and vice versa, were determined in the range from 0.05 to 0.95 V (see the Figure 4a ). Diclofenac sodium is a salt of a weak acid in which the pKa of the phenylacetate group is 4.0 ± 0.02 [56] . In the aqueous phase of 10 mM LiCl (pH 7.4), the pH was maintained using 0.1 M LiOH solution to ensure that the drug is fully ionized. The potential scan was started at 0.5 V in a positive direction of the potential window edge. The voltammograms of the forward scan demonstrate that the limiting current of transfer wave was at 0.17 V, close to the background electrolytes transfer to limit the potential window (Figure 4a ), while, a peak-shaped feature was observed at ca. 0.24 V for the reverse scan. The steady-state and peak currents increased linearly with DCF concentrations in the aqueous phase to construct the calibration graphs of the forward and reverse scans, respectively (Figure 4b ). Figure 4c shows CV of 100 µM DCF with 60 µM TMA + , as a potential axis reference ion and a model ion [5] , was added to the aqueous phase to define a potential scale. The voltammogram resulting demonstrated a steady-state behavior and a peak shape on the forward and reverse scan, respectively, in agreement with experiments in the previous section. Measuring the peak current at different concentration allows determination of the diffusion coefficient in the respective phase. Equation (2) Figure 3 . Voltammograms of TMA + transfer at various concentrations 20, 40, 60, 80, and 100 µM (as an arrow indicated) at scan rate 10 mV/s (a). The calibration curve of the limiting and peak current for the forward (positive) and reverse (negative) scans, respectively, versus TMA + concentrations (b).
Ion transfer process of diclofenac anion (DCF − ) was characterized using CV at the microporous membrane-supported water/1,2-DCE interface system. Figure 4a shows the background-subtracted voltammograms of DCF − ions transfer at concentrations range of 20 to 100 µM increment of 20 µM. The positive and negative limits represent background electrolytes transfer from the aqueous phase to 1,6-DCH, and vice versa, were determined in the range from 0.05 to 0.95 V (see the Figure 4a ). Diclofenac sodium is a salt of a weak acid in which the pKa of the phenylacetate group is 4.0 ± 0.02 [56] . In the aqueous phase of 10 mM LiCl (pH 7.4), the pH was maintained using 0.1 M LiOH solution to ensure that the drug is fully ionized. The potential scan was started at 0.5 V in a positive direction of the potential window edge. The voltammograms of the forward scan demonstrate that the limiting current of transfer wave was at 0.17 V, close to the background electrolytes transfer to limit the potential window (Figure 4a ), while, a peak-shaped feature was observed at ca. 0.24 V for the reverse scan. The steady-state and peak currents increased linearly with DCF − concentrations in the aqueous phase to construct the calibration graphs of the forward and reverse scans, respectively (Figure 4b) . Figure 4c shows CV of 100 µM DCF − with 60 µM TMA + , as a potential axis reference ion and a model ion [5] , was added to the aqueous phase to define a potential scale. The voltammogram resulting demonstrated a steady-state behavior and a peak shape on the forward and reverse scan, respectively, in agreement with experiments in the previous section. Measuring the peak current at different concentration allows determination of the diffusion coefficient in the respective phase. Equation (2) was used to calculate the aqueous diffusion coefficient from the slope of the linearity of the limiting currents (forward scan) and peak currents (reverse scan) versus DCF − concentrations (Figure 4b) .
The aqueous diffusion coefficient of DCF − was determined to be 5.75 × 10 −6 cm 2 s −1 , which is in agreement with literature value of (5.9 × 10 −6 cm 2 s −1 ) [57] and about double-fold higher than the published value, (2.67 × 10 −6 cm 2 s −1 ) [37] for from the chronoamperometric response via solid-liquid electrode. These results reflect the low value of experimental limiting current of the membrane used as discussed in the previous section. The literature data on the diclofenac diffusion coefficient is somewhat rare. Different values were previously reported including (2.67 × 10 −6 cm 2 s −1 ) [37], 5.9 × 10 −6 cm 2 s −1 ) [57] , (4.32 × 10 −5 cm 2 s −1 ) [58] , and (3.7 × 10 −4 cm 2 s −1 ) [59] depending on the aqueous pH used in a membrane diffusion system. These varied findings suggest the need for an accurate diffusion coefficient value.
Thermodynamic Data of DCF − Transfer at Micro-Interface
Thermodynamic parameters of DCF − ions transfer were deduced from the voltammograms and listed in Table 1 . Using standard thermodynamic values of well-known reference ions such as TMA + to determine the thermodynamic properties of an unknown ion transfer is one of the classical methods via liquid-liquid interface [60] . By converting the obtained experimental value to the Galvani potential scale, the value of the formal transfer potential of an ionized drug is obtained as given by the following expression [56, 61] .
where ∆ w o ∅ • (TMA + ) represents the standard transfer potential of the TMA + ion, E 1/2 (drug) and E 1/2 (TMA + ) are the experimental half-wave potentials of the drug and TMA + transfer, respectively. Because of practical reasons (the absolute potential cannot be measured), the tetraphenylarsonium tetraphenylborate standard potential (TATB) scale has been used at the liquid-liquid interface, the value of ∆ w o ∅ • (TMA + ) was taken as 0.16 V [61] . The TMA + ion was chosen as a reference ion where the transfer potential varies from that of DCF − and there is no mutual intervention. The Galvani transfer potential of DCF − (∆ w o ∅ • (DCF) obtained by Equation (2) was −0.32 V, while the published literature value in water-1,2-dichloroethan via macro-ITIES was −0.124 mV [56] . The Gibbs energy of transfer ∆G 0, w→o tr,Drug is directly associated to the standard transfer potential of the ion transfer [22, 62] . The ∆G 0, w→o tr,DCF of DCF − from the aqueous to 1,6-DCH phase is expressed as,
The value calculated of ∆G 0, w→o tr,DCF across a water|/1,6-DCH from Equation (3) [56] . 
Impact of Potential Interfering Materials
The substances investigated, including ascorbic acid, sugar, amino acid, urea, and metal ions, are all models of substances possible in the biological samples [23, 36, 45] . The aqueous phase containing the DCF − (40 µM) (as set up in Cell 2 ) was spiked with individual interference substances at the concentration of 5.0 mM. The current signal for 40 µM individual DCF − was determined in the absence and then in the presence of the interfering substances. In addition, TMA + was added to every experiment as a potential axis reference ion. Figure 5 and Table 2 summarize the results obtained. 
The substances investigated, including ascorbic acid, sugar, amino acid, urea, and metal ions, are all models of substances possible in the biological samples [23, 36, 45] . The aqueous phase containing the DCF − (40 µM) (as set up in Cell2) was spiked with individual interference substances at the concentration of 5.0 mM. The current signal for 40 µM individual DCF − was determined in the absence and then in the presence of the interfering substances. In addition, TMA + was added to every experiment as a potential axis reference ion. Figure 5 and Table 2 summarize the results obtained. The possible interference of ascorbic acid was examined, and although ascorbic acid (pKa of 4.17) [23] was de-protonated in the aqueous solution containing DCF − , no transfer of ascorbic acid was seen (Figure 5a ). Glucose was also selected as sugar interference, and due to its an uncharged nature, it was not predicted to change the detection of DCF − , since no ion transfer signal was observed (Figure 5b ). The evaluation of the possible interference of metal ions such as Na + and K + were also undertaken (Figure 5c,d) . Na + and K + ions are expected to reduce the potential window, because of their transfer at the positive limit of the potential window [23] . Addition also of Na 2 SO 4 (Figure 5e ) to the aqueous phase did alter the DCF ion transfer signal. The interference of urea ( Figure 5f ) and glycine (Figure 5g) were also examined and no transfer signal at the interface was observed. At physiological pH, urea and glycine are net neutral molecules; thus, no ion transfer signal behavior should be observed [23, 63] . Since the stock solutions of the interfering substances were prepared in PBS solution, a control experiment to assess the influence of PBS on the CVs of the interfering substance was undertaken (Figure 5h ). There was no effect on the CVs of interfering substances from the addition of PBS.
On the basis of DCF − reverse and forward scan currents, the changes in current for the interfering substances present (% Relative difference, Table 2 ) ranged between 0.09 to 12.0% and 0.94 to 16.3%, respectively. Unlike the reverse scan, the forward scan was characterized by more sensitivity to substances with interfering potential. NaCl (Figure 5c ) and urea (Figure 5e ) appeared the highest current change for forward and reverse scans, respectively. Additionally, the overall variation within the DCF − signal without interfering substances (%RSD percentage of 7.5 and 4.4% for reverse and forward scans, respectively), reflecting the experimental daily reproducibility for the experiments.
Analytical Characteristics
To assess parameters linearity, the limit of detection and performance of the proposed membrane, differential pulse voltammetry was employed to obtain the sharper and better peaks defined at a lower concentration than cyclic voltammetry with a lower charging current and improved resolution. In the beginning, a blank experiment (absent DCF) was recorded of the calibration procedure, then the background subtraction procedure was applied to further increase the sensitivity of the technique. Figure 6 shows the voltammograms and calibration curve obtained for the DCF concentrations ranging from 8 to 56 µM. Voltammograms exhibited that the peak current increased linearly as the DCF concentration increased. The scanning was in the negative direction and the peak for the ion transfer of DCF − from the aqueous phase to the organic phase was found to be 0.23 ± 0.06 V. and the peak for the ion transfer of DCF from the aqueous phase to the organic phase was found to be 0.23 ± 0.06 V. Good linearity in the studied concentration range can be seen in Figure 6b for the peak currents obtained as a function of the diclofenac anion concentration. The limit of detection was calculated based on 3 times the standard deviation of the blank [64] . The limit of detection calculated from the fit line was found to be 1.5 µM. The method proposed for the indirect detection of diclofenac was compared with the traditional methods using the oxidation peak of the drug. LODs of 2.45 (DPV at a bare graphite electrode potentiodynamic pretreatment) [65], 9.1 µM (ion-selective electrode using chronopotentiometric methods) [66] , 2.0 µm (vinylferrocene/multiwall carbon nanotubes using square wave voltammetry (SWV)) [67], 1.1 µm (based on batch injection analysis with amperometric detection) [68] , 1.6 µM (based on electrooxidation at platinum electrode using (SWV)) [69] , and 3.28 µm (DPV using tyrosine-modified carbon paste electrode) [46] have been reported for diclofenac. In addition to the comparison with the other developed membranes as sensing platforms previously Good linearity in the studied concentration range can be seen in Figure 6b for the peak currents obtained as a function of the diclofenac anion concentration. The limit of detection was calculated based on 3 times the standard deviation of the blank [64] . The limit of detection calculated from the fit line was found to be 1.5 µM. The method proposed for the indirect detection of diclofenac was compared with the traditional methods using the oxidation peak of the drug. LODs of 2.45 (DPV at a bare graphite electrode potentiodynamic pretreatment) [65], 9.1 µM (ion-selective electrode using chronopotentiometric methods) [66] , 2.0 µm (vinylferrocene/multiwall carbon nanotubes using square wave voltammetry (SWV)) [67], 1.1 µm (based on batch injection analysis with amperometric detection) [68] , 1.6 µM (based on electrooxidation at platinum electrode using (SWV)) [69] , and 3.28 µm (DPV using tyrosine-modified carbon paste electrode) [46] have been reported for diclofenac. In addition to the comparison with the other developed membranes as sensing platforms previously reported [16] , the analytical performances of type of membrane supported micro-interface were summarized in Table 3 . The microporous membrane proposed demonstrated good performance in modifying a liquid-liquid interface and promising analysis to detect diclofenac as representative of nonsteroidal anti-inflammatory drugs. Nevertheless, the achieved limit of detection 1.5 µM DCF can be improved by using differential pulse stripping voltammetry (DPSV) as detection method, which has proven to offer improved detection capability [69, 70] . 
Conclusions
The modification of interfaces between two immiscible electrolyte solutions by microporous silicon nitride membrane has been carried out and electrochemically characterized via ion transfer of TMA + . The resulting voltammograms appeared asymmetric behavior, which resulted steady state and peak-shaped due to a combination between the peak and steady-state behavior. The voltammetry of ion transfer of de-protonated diclofenac at microscale liquid-liquid interface was examined. Although ion transfer of DCF − was close to the negative edge of the potential window, it is still possible to determine the half-wave potential, that allowed determination of some thermodynamic parameters for DCF, such as the partition coefficient and the Gibbs energy of transfer. The results obtained demonstrated also that no effect on the response signal of DCF − transfer was observed. In addition, differential pulse voltammetry method was used successfully to detect lower concentrations of the diclofenac and the LOD was calculated to be 1.5 µM. The results presented here provide the basis for a simple and fast method with good selectivity and reproducibility. 
